Objectives: Serum and urine antigen (SAg, UAg) 
Histoplasma capsulatum is a dimorphic fungus that is found in bird or bat guano. It is endemic to the Ohio and Mississippi River valleys of North America and also present in Central America, parts of South America, and other locations around the world. 1 Most patients acquire the infection through inhalation of airborne conidia. Infections are usually asymptomatic or unrecognized. The most common presentations for high-level and low-level exposures are acute and subacute pulmonary histoplasmosis, respectively. [1] [2] [3] [4] Chronic pulmonary histoplasmosis may occur in those with chronic lung disease, and mediastinal histoplasmosis syndromes are also possible. Immunocompromised hosts are at highest risk for disseminated histoplasmosis. [5] [6] [7] Endocarditis, pericarditis, and central nervous system infections are less common manifestations of histoplasmosis.
Accurate diagnosis of histoplasmosis is essential because patients often present with nonspecific symptoms. Furthermore, histoplasmosis generally responds well when antifungal therapy is given early in the course of disease but can progress to serious illness if undetected. Evaluation of patients with suspected histoplasmosis involves both clinical findings and laboratory studies. Several tests used for the diagnosis of histoplasmosis include culture, 2, 8 microscopic examination, 9 antibody detection (ie, serology), 10, 11 antigen detection by enzyme-linked immunosorbent assay (ELISA), 12, 13 and molecular diagnostic methods, such as polymerase chain reaction-based assays.
antifungal therapy had been given. 16, 17 Direct microscopic examination is rapid but may have low sensitivity in some forms of histoplasmosis; the specificity is limited by the similar morphology of other small yeasts (eg, Candida glabrata). 16 Serologic tests are useful in some circumstances but may yield false-negative results in recently exposed or immunocompromised individuals; positive serologic results may be challenging to interpret, as these may represent remote exposure. [17] [18] [19] Histoplasma antigen detection by ELISA is a widely performed test for the diagnosis of histoplasmosis, especially those with suspected acute pulmonary or disseminated histoplasmosis. 2 First described in 1986 by Wheat et al, 12 this assay involves the detection of Histoplasma polysaccharide antigen. This assay is most commonly performed on urine and/or serum samples. The sensitivity and specificity of urine antigen detection (UAg) and serum antigen detection (SAg) tests vary based on the type and extent of the Histoplasma infection. The sensitivity of UAg detection is greater than SAg detection in patients with disseminated histoplasmosis. 17 The relative sensitivities of UAg and SAg detection in patients with acute pulmonary histoplasmosis (APH) vary depending on the study, with UAg detection demonstrating either a higher or comparable sensitivity compared with SAg detection. 18, 20, 21 The sensitivities of both tests are considerably lower in chronic pulmonary infection. 12, 17 Generally, UAg detection is ordered as an initial screen for histoplasmosis, while in fewer instances, SAg detection has been ordered instead of or in addition to UAg detection. The goal of this retrospective analysis was to determine whether SAg detection plays a useful role in the initial evaluation of a patient with suspected histoplasmosis, with the view of reducing unnecessary testing in these patients.
Materials and Methods
The Cleveland Clinic electronic archives were searched for UAg and SAg tests, as well as corresponding fungal culture results from 1997 to 2016. Antigen detection tests performed on samples other than urine or serum were excluded, as were tests that were not performed or where performance status/sample type was unable to be determined. Most of the antigen detection assays were performed at MiraVista Diagnostics (Indianapolis, IN), except those ordered from January 23, 2014, to August 28, 2015 , which were performed on site using the IMMY ALPHA Histoplasma Antigen Enzyme Immunoassay (Immuno-Mycologics, Norman, OK) for the diagnosis of histoplasmosis according to the package instructions and as described previously. 22 This assay was performed on urine samples only. Results for both urine and serum Histoplasma antigen detection assays were reported in units between 0.4 and 19.0 ng/mL. Values below 0.4 ng/mL but above the limit of detection were reported as "positive, below the limit of quantification," and results positive but above 19.0 ng/mL were reported as "positive, above the limit of quantification."
We analyzed pairs of UAg and SAg tests that were completed on the same patient within the 1 week (ie, paired specimens). UAg and SAg tests that were in agreement (ie, uniformly positive or negative) were noted. When both assays were positive, the result was considered a true positive, whereas when both assays were negative, the result was considered a true negative. The electronic medical record review was undertaken for any patients in whom the UAg and SAg results were discrepant to determine if the patient had histoplasmosis. The information reviewed in the medical record included medical history and the results of fungal culture, fungal serologic studies, and any histologic or cytologic findings. The final clinical impression by the attending physician was also noted, as well as consultations from infectious diseases specialists. This information was used to categorize (ie, true positive, false positive, etc) the discrepant UAg and SAg results. Proportions were compared as percentage for a χ 2 determination of significance, where appropriate, using Epic Calc 2000 (available at http://www.brixtonhealth.com/ epicalc.html).
Results
In total, 20,285 UAg and 1,426 SAg tests were ordered from 1997 to 2016, and 19,998 UAg and 1,250 SAg tests met the inclusion criteria for further study. There were 19,391 single UAg tests, 643 single SAg tests, and 601 paired UAg and SAg specimens. Single UAg tests yielded a higher positivity rate (17.0%) than paired tests (9.4%) (P < .001), while single and paired SAg tests had similar positivity rates of 7.8% and 8.3%, respectively (P = .623) (Supplemental Table 1 ; all supplemental materials can be found at American Journal of Clinical Pathology online).
A total of 601 paired specimens were identified. This patient group was 44% female and had a mean (SD) age of 56 (18) years. Race was reviewed and found to be noncontributory (data not shown). A total of 106 (18%) paired specimens consisted of UAg and SAg tests ordered by two different physicians. The setting of the ordering physician was available in 417 of the 601 paired specimens, with 287 (69%) inpatient, 125 (30%) outpatient, and five (1%) in the emergency department. Of the total paired specimens reviewed, 542 (90%) were concurrent negatives and 48 (8%) were concurrent positives. Of the 37 concurrent positives with medical records available for review, there were 26 cases of disseminated histoplasmosis; three cases of acute, one case of subacute, and six cases of chronic pulmonary histoplasmosis (classification criteria described previously 23 ); and one case of granulomatous mediastinitis.
The remaining 11 of 601 pairs had discordant results. Of the nine specimens that were UAg positive/SAg negative, cultures were either negative (n = 6) or not performed (n = 3). Of the two specimens that were SAg positive/UAg negative, cultures were either negative (n = 1) or not performed (n = 1 Table 2 . Pairs are arranged by increasing difference between the two values. The minimum difference is 0.05 ng/mL, the maximum difference is 24.61 ng/mL, and mean difference is 4.4 ng/mL with a standard deviation of 5.3 ng/mL. B, Eight of the nine discordant pairs with positive UAg and negative SAg testing had reported values, whereas the ninth pair (*) was below the limit of quantification. C, Both discordant pairs with positive SAg and negative UAg testing had reported values.
quantification (Supplemental Table 2 ). Of the discordant pairs, only one pair, UAg positive below the limit of quantification and SAg negative, did not have a value for the positive test.
To determine if the second test of the paired specimens was carried out in confirmation of the first, we performed chart review of the cases in which one result was viewable before the second was ordered. Of the 542 dual negatives, this occurred 28 times, 16 of which were available for review. In eight cases, there was no mention of a reason for the additional test; in the other eight cases, the repeat test was done for a documented reason such as conformation of the prior test. In the 48 dual positive cases, there were five cases in which one result was viewable before the other test was ordered, and two of these cases were available for review. In one case, the physician mentioned obtaining a Histoplasma SAg level to monitor therapy; in the other, no reason was mentioned. Among the discordant results, there were two pairs in which the result of the first test was viewable before the second was sent; in neither case was there mention of the reason for testing.
The 11 discordant pairs resulted between October 22, 2012, and August 12, 2016. Of the 11 patients with discrepant UAg/SAg results, eight had available medical records. In the discordant cases, there was no documentation of one test occurring to monitor treatment or initiation of antifungal therapy between the two tests. Based predominantly on the infectious diseases consult notes and culture/serology data, we categorized six of the UAg results as false positives, one UAg result as a true positive, and one UAg result as a false negative ❚Table 1❚. The sensitivity in this assessment of paired specimens was 98% for both the UAg and SAg tests. The specificity of the UAg test was 99%, whereas it was 100% for the SAg test.
Discussion
The current practice of most physicians in the evaluation of patients suspected to have histoplasmosis is to perform the antigen detection test on a urine specimen, accompanied by additional laboratory testing such as culture, serology, or histopathologic studies in certain cases. Sometimes, Histoplasma serum antigen (SAg) detection is performed concurrently with a urine antigen (UAg) test. Multiple studies of the sensitivity and specificity of UAg and SAg detection have found that the assay performance varies based on the nature of the infection ❚Table 2❚. The sensitivity of UAg detection appears to be higher than SAg for disseminated infections, while there is not a significant difference between UAg and SAg detection for APH. A recent case report from the Histoplasma reference laboratory indicates that testing both urine and serum provides the highest sensitivity for Histoplasma detection. 25 Current Centers for Disease Control and Prevention guidelines state that urine and/or serum antigen detection is the most sensitive and specific method to diagnose histoplasmosis. 26 Due to the varied possible presentations of Histoplasma infection, head-to-head comparison of UAg and SAg detection on the same patients provides evidence to inform clinical practice-specifically, whether both UAg and SAg detection tests should be ordered, or whether one of these alone (most commonly UAg alone) would suffice. There are few such data, although Hage et al 24 reported antigenemia in 100% of 31 patients with disseminated histoplasmosis, with all but one of these testing positive for antigenuria. Through this large retrospective analysis, we provide evidence that supports that a single antigen detection test is appropriate in the initial evaluation for histoplasmosis.
We found a 98% agreement between 601 paired urine and serum specimens, with 542 uniformly negative tests and 48 uniformly positive tests. There were only 11 instances wherein the paired results were discrepant, and medical records were available for review for eight of these patients. Six patients had positive UAg results but negative SAg results and negative corresponding cultures. Based on medical record review, which disclosed an extensive workup, we determined that each of these results was a false positive. We reviewed the medical records of eight of the 11 patients with discordant paired results ( Table 1) . As may be predicted, UAg detection, the test with higher sensitivity, had six results characterized as false positives after medical record review. The validity of the characterization of the remaining discordant cases is arguable; one was characterized as UAg true positive/SAg false negative, whereas the other was characterized as UAg false negative/SAg true positive. The UAg true-positive/SAg false-negative result occurred in a patient who had disseminated histoplasmosis 2 years before with a residual pulmonary lesion that was thought to be largely resolved; it was hypothesized that the pulmonary lesion was either chronically active or shedding antigen. The UAg false negative/SAg true positive involved a patient with fever of unknown origin who had negative fungal blood cultures but was treated with itraconazole based on a positive SAg detection result and slowly improved. This patient had a remote history of Histoplasma endocarditis but was not found to have infective endocarditis during this illness. Overall, UAg and SAg detection performed comparatively, with a greater number of false positives produced by the UAg test, which is considered a useful characteristic of a screening test. The discordant quantitative UAg and SAg results were not all below the limit of quantification or extremely low values compared with the dual positives, indicating that the actual value of a low positive test may serve as a guide but not a direct correlate of the likelihood of histoplasmosis (Figure 1 ). Our 11 discordant pairs resulted between 2012 and 2016. Our results extend to 1997, but nearly all of the paired specimens were ordered between 2009 and the present, indicating that paired testing, rather than discordant results, likely increased during this time period. The reason for the increase in ordering paired testing is likely multifactorial and may include increased awareness of both tests. In 2009, our institution transitioned to electronic ordering. There are conflicting results on the effect of electronic ordering systems on the number of duplicate orders; this timing is suspicious, and the ease of ordering the studies may have in part contributed to increased dual testing. 27, 28 Most of the Histoplasma antigen detection tests in this study were sent to MiraVista Diagnostics. However, from January 23, 2014, to August 28, 2015, a validated, laboratory-developed test was performed on site. During this Upon review of the medical records, we found that the infectious disease team recorded its impression that the on-site laboratory-developed assay had a higher false-positive rate and therefore conducted repeat testing on patients at a higher frequency. No similar patterns were found outside of the time period that the in-house assay was in use. The repeat UAg and subsequent SAg tests on these 12 patients were performed within the same week and therefore were also included as concurrent negative paired specimens in our analysis. These results do not show an absolute superiority of UAg over SAg, but the quantitative results of the dually positive specimens (Figure 1 ) suggest a superior sensitivity of the UAg test over the SAg test. In addition, this review demonstrates that there was no apparent benefit of ordering both tests simultaneously, since the results usually agreed. A practical and cost-effective clinical approach would be to limit initial studies to UAg testing, as most physicians currently do, and to follow up positive tests with a confirmatory SAg study, as well as reviewing concomitantly ordered (if the clinical suspicion warrants) additional studies, such as culture, serology, and histopathologic/cytologic assessments. Further analysis of the 601 paired specimens reveals that a minority of the second tests, nine of 601, were ordered for a documented clinical reason such as confirmation of the first result. We found that most (82%) of the paired tests were ordered by the same physician, and most (69%) were ordered in the inpatient setting. This provides initial guidance on how to target efficient test utilization awareness, but future studies should characterize the population on which paired specimens are ordered to better direct these efforts.
Test overutilization leads to increased strain on the health care system, a decrease in patient satisfaction, and even physical and psychological harm to the patient. 29, 30 Based on the Medicare reimbursement rate for both UAg and SAg (ie, $17.52 each), a $10,687 savings could have been achieved if one rather than both of the 601 paired tests had been ordered; this reduction would not have been associated with misdiagnoses or patient harm. Systematically adopting the already widely used policy of performing a UAg detection test alone rather than combined UAg/SAg testing is both clinically acceptable and fiscally responsible.
